
AD-A258 873
Report No. NADC-91 124-60 I IIii MIIIIlI IllIIIIII A !11

CARRIER LANDING PARAMETERS FROM SURVEY
45, FLEET AND TRAINING COMMAND AIRCRAFT
LANDING ABOARD USS ENTERPRISE CVN-65
(MAIN TEXT AND APPENDIX A)

Richard P. Micklos
Air Vehicle and Crew Systems Technology Department (Code 6042)
NAVAL AIR DEVELOPMENT CENTER
Warminster, PA 18974-5000

1 DECEMBER 1991 DTIC
FINAL REPORT DLEC11 99
Task No. 06000002 DELC 11992

Work Unit No. 181004 U
Program Element No. OMN E

Approved for Public Release, Distribution is Unlimited

Prepared for: 92-31264
NAVAL AIR SYSTEMS COMMAND (AIR-5302)
Washington, DC 20361-0001

92 12 10 010



NOTICES

REPORT NUMBERING SYSTEM - The numbering of technical project reports Issued by the
Naval Air Development Center Is arranged for specific Identification purposes. Each I
number consists of the Center acronym, the calendar year In which the number was
assigned, the sequence number of the report within the specific calendar year, and the
official 2-digit correspondence code of the Command Officer or the Functional Department
responsible for the report. For examplr. Report No. NADC-88020-60 Indicates the twentieth
Center report for the year 1988 and prepared by the Air Vehicle and Crew Systems
Technology Department. The numerical codes are as follows:

CODE OFFICE OR DEPARTMENT

00 Commander, Naval Air Development Center

01 Technical Director, Naval Air Development Center

05 Computer Department

10 AntiSubmarine Warfare Systems Department

20 Tactical Air Systems Department

30 Warfare Systems Analysis Department

40 Communication Navigation Technology Department

50 Mission Avionics Technology Department

60 Air Vehicle & Crew Systems Technology Department

70 Systems & Software Technology Department

80 Engineering Support Group

90 Test & Evaluation Group

PRODUCT ENDORSEMENT - The discussion or Instructions concerning commercial I
products herein do not constitute an endorsement by the Government nor do they convey
or Imply the license or right to use such products.

Reviewed By:. Date: /- -Branch 4J|

Division Head¢

Reviewed ByDir Zet Lo-r-- Date:
Directorlmeputy Director



REPORT DOCUMENTATION PAGE Form Approved
I OMS No. 0704-0188

Pu O ol 'c rts; ourden 'or this coiiectton of inform at ion is estim ated to average t mour Per re sonse, inlu dig the tim e for rev iew ing istru tons .se0rch ing ex ist ing) dat a urc

gathering and maintaining the data needed, and completing and reviewing the collection of informatiOn .Send Comments regarding this burden estimate or anV other asoect of this
co)jecTon of informatiOn. including suggestions for reducing this burden to Washington Headquarters Services. Directorate for information Operations and Reports. 1215 .eferson
Davis migt'vvav, Suite 1204, Arlington. VA 22202-4302. and to t•er Otfice of Management and Budget. Paperwork Reduction Project (0704-0188). Washington. DC 20503

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
1l December 1991 Final

4. TITLE AND SUBTITLE S. FUNDING NUMBERS
FINAL REPORT, CARRIER LANDING PARAMETERS FROM SURVEY 45,
FLEET AND TRAINING COMMAND AIRCRAFT LANDING ABOARD USS Program No. OMN
ENTERPRISE CVN-65 Task No. 06000002

6. AUTHOR(S) Work Unit No. 181004
Richard P. Micklos

7. PERFORMING ORGANIZATION NAME(S) AND ADDRE,$ES) 8. PERFORMING ORGANIZATION
Air Vehicle and Crew Systems Technology Department REPORT NUMBER

(Code 6042)
NAVAL AIR DEVELOPMENT CENTER NADC-91124-60
Warminster, PA 18974-5000

9. SPONSORING/ MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING
NAVAL AIR SYSTEMS COMMAND (AIR-5302) AGENCY REPORT NUMBER

Washington, DC 20361-0001

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for Public Release, Distribution is Unlimited.

13. ABSTRACT (Maximum 200 words)

A photograph landing loads survey which recorded both day and night carrier
landing operations, was performed aboard the USS Enterprise CVN-65 operating
off the west coast of the United States. Over 900 day and 500 night landings of
various fleet carrier aircraft were recorded, analyzed and statistical distribution
of landing parameters generated. An additional 1000 day landing of Training
Command Aircraft are included in this report.

14. SUBJECT TERMS 15. NUMBER OF PAGES
Aircraft Landing Parameter Approach Speed, Engaging Speed,
Glideslope Angle 16. PRICE CODE

17. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT

OF REPORT OF THIS PAGE OF ABSTRACT

UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED
NSN 7540.01-280 5500 Standard Form 298 (Rev 2-89;

Prescrnib by ANSI Sid 139-18
,Q8 102



NADC-91 124-60

TABLE OF CONTENTS

SUMMARY

LIST OF REFERENCES

LIST OF TABLES ,7/C

LIST OF FIGURES

LIST OF SYMBOLS

INTRODUCTION Accesion For

ACKNOWLEDGEMENT NTIS CRA&I &
DTIC lAB

LANDING LOADS SURVEY DEFINITIONS Ucannou ced [1
Justification ..... ................

BACKGROUND
By _ ..........................................

ANALYSIS Distiibition I

CONCLUSIONS Availability Codes

Avail andIor
RECOMMENDATIONS Dist Special

TABLES

FIGURES . .

APPENDICES

A) LANDING PARAMETERS OF INDIVIDUAL AIRCRAFT LANDINGS

B) FREQUENCY AND PROBABILITY DISTRIBUTIONS, F-14A AIRCRAFT,
DAY CARRIER LANDINGS

C) FREQUENCY AND PROBABILITY DISTRIBUTIONS, F-14A AIRCRAFT,
NIGHT CARRIER LANDINGS

D) FREQUENCY AND PROBABILITY DISTRIBUTIONS, F-18 AIRCRAFT,
DAY CARRIER LANDINGS

E) FREQUENCY AND PROBABILITY DISTRIBUTIONS, F-18 AIRCRAFT,
NIGHT CARRIER LANDINGS

F) FREQUENCY AND PROBABILITY DISTRIBUTIONS, A-6E AIRCRAFT,
DAY CARRIER LANDINGS

G: FREQUENCY AND PROBABILITY DISTRIBUTIONS, A-6E AIRCRAFT,
NIGHT CARRIER LANDINGS

H) FREQUENCY AND PROBABILITY DISTRIBUTIONS, A-7E AIRCRAFT,
DAY CARRIER LANDINGS

iii



NADC-91 124-60 1

I) FREQUENCY AND PROBABILITY DISTRIBUTIONS, A-7E AIRCRAFT, i
NIGHT CARRIER LANDINGS

J) FREQUENCY AND PROBABILITY DISTRIBUTIONS, EA-6B AIRCRAFT,
DAY CARRIER LANDINGS

K) FREQUENCY AND PROBABILITY DISTRIBUTIONS, EA-6B AIRCRAFT,
NIGHT CARRIER LANDINGS

L) FREQUENCY AND PROBABILITY DISTRIBUTIONS, E-2C AIRCRAFT,
DAY CARRIER LANDINGS I

M) FREQUENCY:AND PROBABILITY DISTRIBUTIONS, E-2C AIRCRAFT,
NIGHT CARRIER LANDINGS

N) FREQUENCY AND PROBABILITY DISTRIBUTIONS, S-3A AIRCRAFT,
DAY CARRIER LANDINGS 5

0) FREQUENCY AND PROBABILITY DISTRIBUTIONS, S-3A AIRCRAFT,
NIGHT CARRIER LANDINGS

P) FREQUENCY AND PROBABILITY DISTRIBUTIONS, TA-3B AIRCRAFT,
DAY CARRIER LANDINGS

Q) FREQUENCY'AND PROBABILITY DISTRIBUTIONS, T-2C AIRCRAFT,
DAY CARRIER LANDINGS

R) FREQUENCY AND PROBABILITY DISTRIBUTIONS, TA-4J AIRCRAFT,
DAY CARRIE RLANDINGS

I
I
i
!
I
I
I

U



NADC-91124-60

BUMMMY

As part of a continuing NAVAIRDEVCEN program to monitor the landing

performance of naval carrier aircraft, the Aero Structures Division

performed a carrier landing loads survey onboard the USS ENTERPRISE in

September of 1985. This document formally presents the results of

that survey, which were previously provided to NAVAIR informally.

The principle goal of this survey was to compare day and night

carrier landing performance. Nearly 900 day and over 500 night

landings of fleet aircraft were recorded and analyzed. This survey

includes data on F-14, F-18, A-6E, A-7E, EA-6B, E-2C, S-3A and TA-3B

aircraft. This survey also provided data on over 1000 carrier

landings of student pilots performing day landings of T-2C and TA-4

aircraft. This survey was performed off the west coast of the United

States.
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INTRODUCTION

The NAVAL AIR DEVELOPMENT CENTER (NAVAIRDEVCEN) utilizes a 70 mm half-
frame photoelectronic film system to record day and night aircraft
carrier landings for determining approach and touchdown parameters.
The information provided in this report was collected onboard the USS
ENTERPRISE (CVN-65) during a carrier qualification period for fleet
pilots. The ship was operating off the west coast of the United States
during this period.

The system consists of a 70 mm half-frame camera to photograph
aircraft landings, a covert infrared flasher system to illuminate
night landings, and a 70 mm film reader which is used to digitize
approaching aircraft position. The analysis techniques of reference
(a) are used to develop a statistical presentation of the desired
aircraft landing parameters by aircraft model type and series.

Data included in this report was derived from the following
sources:

1. Day/night photographic records obtained during this survey.

2. Ship's logs. (Fuel weights, arresting gear runout)

3. Ship's pitch and roll data which is automatically recorded on
the 70 mm film from the ship's gyro compass.

4. Ship's anemometer for wind over deck measurement.

5. Ship's instrumentation for ship speed,barometric pressure and
outside air temperature.

The landing parameters included in this report are listed and
defined in section 3.0 of this report.

xiii
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LANDING LOADS SURVEY DEFINITIONS

SINK SPEED Vv

The sink speed of the aircraft landing gear wheel just prior to touchdown. Sink speed is reported for
each landing gear individually; that is for the Port, Starboard and Nose wheels just prior to individual
deck contact. In addition the Average sink speed of the aircraft main landing gear is calculated just pri-
or to touchdown of the first main landing gear wheel. Sink Speed is determined from film data. The
symbols used to identify aircraft sink speed are as follows:

VvA -average sink speed
Vvs-sink speed of the starboard main wheel
Vvp-sink speed of the port main wheel
Vv.-sink speed of the nose landing gear

The values of aircraft sink speed are reported in Feet per second (ft/sec)

For shipboard landings the values of sink speed are reported with respect to the vessel's
flight deck.

WING LIFT FACTOR Kit

The Wing Lift Factor is calculated from the derivative of the aircraft average sink speed. It is calculat-
ed just prior to the touchdown of the first main landing gear. A value of 1.0 for the Wing Lift Factor
indicates that a constant sink speed is being maintained. If the value of K•- is greater than 1.0, this in-
dicates that the sink speed is decreasing and the wing lift is greater than 1.0 G. Conversely, if the
value is less than 1.0 then the sink speed is increasing and the lift being generated is less than 1.0 G.
The value of Wing Lift Factor is calculated from the equation

K I d2y.^

KLE=-ix-&+1.032 - --t2 +~

where the value of Y is the aircraft vertical position with respect to time; the derivative is evaluated at
touchdown (t=O). The regression curve is that calculated for the average vertical position of the Aircraft
Main Landing Gear and has the form of the equation

Vertical Position Y = A +Bt +C, 2

The symbol for Wing Lift Factor is KLE

This quantity is dimensionless.

The value of Wing Lift Factor is measured with respect to the flight
deck (this value could be referenced to the horizon by correcting it
for deck pitch angle).
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WIND OVER DECK Vw 5
Wind Over Deck is the wind velocity measured by the ships instrumentation with respect to the flight
deck. For aircraft carrier landings, the wind component down the landing deck is utilized. The Positive
direction for Wind Over Deck is from the ships bow to the stem, down the angle deck.

The symbol for Wind Over Deck is Vw I
The value of Wind Over Deck is reported in Knots. I

ENGAGING SPEED VE

The Engaging Speed is the speed with which the aircraft closes on the aircraft carrier's flight deck. En- 5
gaging Speed is reported with respect to the flight deck. Engaging Speed is calculated from film meas-
urements. The symbol for Engaging Speed is VE I

The value of Engaging Speed is reported in Knots. 3

APPROACH SPEED VA I
The value of Approach Speed reported is the algebraic sum of engaging speed and component of wind
over deck parallel to the centerline of the angle deck. The value of approach speed is the aircraft hor-
izontal velocity with respect to the air mass.

The symbol for Approach Speed is Vp,,4

The value of Approach Speed is reported in Knots. I
MINIMUM POWER APPROACH SPEED VpAmi

This value is the Minimum Power Approach Speed for a jet aircraft in the power approach 5
configuration (landing gear, flaps, and other high lift devices deployed). This number is determined
from the aircraft's aerodynamic characteristics and landing weight per criteria established by NAVAIR. 5

The symbol for Minimum Power Approach Speed is VpA.

The value of Minimum Power Approach Speed is reported in Knots.

2

I
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POWER APPROACH STALL SPEED VsA

This value is the Power Approach Stall Speed for a propeller driven aircraft in the power approach
configuration (landing gear, flaps, and other high lift devices deployed). This number is determined
from the aircraft's aerodynamic characteristics and landing weight per criteria established by NAVAIR.

The symbol for Power Approach Stall Speed is VsA

The value of Power Approach Stall Speed is reported in Knots.

RATIO OF MEASURED APPROACH SPEED TO MINIMUM POWER APPROACH SPEED
Kvr,,,.,.

The ratio of the jet aircraft approach speed determined from film data to the minimum power approach
speed for the same landing weight.

The symbol for the Ratio VrA is

This quantity is dimensionless.

RATIO OF MEASURED APPROACH SPEED TO POWER APPROACH STALL SPEED KvsA

The ratio of the propeller driven aircraft measured approach speed, determined from film data, to the
aircraft power approach stall speed, for the same value of landing weight.

The symbol for the Ratio VPY is VSrA
VSK'A

This quantity is dimensionless.

AIRCRAFT PITCH ANGLE 0,

The Aircraft Pitch Angle measured between the aircraft reference line and a line parallel with the air-
craft carrier flight deck. Positive values of Pitch Angle are reported for an aircraft exhibiting a nose up
attitude. Pitch Angle is determined from film data.

The symbol used for Pitch Angle is 0,

The value of this quantity is reported in both Degrees and Radians.

The value of Pitch Angle is reported at two locations; just prior to
first wheel touchdown and as the aircraft flies "over the ramp" at
the stem end of an aircraft carrier flight deck.

Op* - over the ramp
0, - at touchdown

3
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AIRCRAFT ROLL ANGLE O, I
The Aircraft Roll angle measured between the aircraft reference line and a line parallel with the aircraftcarrier flight deck. Positive values of Roll Angle are reported for an aircraft whose starboard wing is
down. Roll Angle is determined from film data.

The symbol used for Roll Angle is 0, 1
The value of this quantity is reported in both Degrees and Radians.

The value of Roll Angle is reported at two locations: just prior to
first wheel touchdown and as the aircraft flies "over the ramp" at
the stem end of an aircraft carrier flight deck. 5
0,, - over the ramp
e - at touchdown

AIRCRAFT PITCH RATE 0,1

The Aircraft Pitch Rate is calculated from the film data. It is reported just prior to the touchdown of
the first main wheel. Positive values of this variable indicates that the aircraft nose is pitching down.
This rate is determined with respect to the flight deck. I

The symbol used for this quantity is 0,

The value of this quantity is reported in both Degrees per second (deg/sec) and 3
Radians per second (rad/sec)

AIRCRAFT ROLL RATE 6, 1

The Aircraft Roll Rate is calculated from the film data. It is reported just prior to the touchdown of the
first main wheel. Positive values of this variable indicate that the aircraft is rolling to port. This rate is I
determined with respect to the flight deck.

The symbol used for this quantity is 6r 5
The value of this quantity is reported in both Degrees per second
(deg/sec) and Radians per second (rad/sec) 3

AIRCRAFT OFF-CENTERLINE DISTANCE Y £
This is the perpendicular distance measured between the aircraft centerline and the centerline of the
flight deck (or runway). This value is calculated from film data just prior to first main wheel touch-
down. Positive values of this quanity indicate that the aircraft landed on the Port side of the Flight
Deck centerline.

The symbol for this quantity is Y

The value of this quantity is reported in Feet (ft).

4
4 I
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DISTANCE FROM RAMP TO FIRST MAIN WHEEL TOUCHDOWN Xw

For aircraft carrier landings the distance between the flight deck ramp (aft end of the flight deck) and
the point of first main wheel touchdown is determined from the film data. For land based surveys, this
distance can be determined from an appropriate reference line with respect to the camera.

The symbol for this quantity is Xw

The value of this quantity is reported in Feet (ft).

AIRCRAFT INSTANTANEOUS GLIDESLOPE ANGLE Pv,

This angle is determined just prior to first main wheel touchdown. The value of average sink speed
(Vv,) and engaging speed (VE) are used to define the instantaneous glideslope. These values are entered
into the equation

, arctan [= - + deck pitch angle

NOTE: A Consistent set of units must be used in this equation.

The symbol for this quantity is [v.

The value of this quantity is reported in Degrees and Radians.

AIRCRAFT GEOMETRIC GLIDESLOPE ANGLE Pfi,

This angle is determined by utilizing the distance from the ramp to touchdown (Xw) and height of
main wheels at the ramp (Hw).These values are s rbstituted int the equation

PH w= arctan VEd.,jSS x }+8,

where SS is Ship Speed and 8,, is angle of flight deck pitch at touchdown.

VE,• -SS

The quantity • is a

correction factor for ship's forward motion during the time the
aircraft flies from the Ramp position to Touchdown.

NOTE: A consistent set of units must be used in this equation.
The symbol for this quantity is PHw

5
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LANDING WEIGHT W 5
The landing weight reported in the survey is determined from aircraft basic weight and the reported
fuel state on aircraft final approach (the Ball State). The type and quantity of any external stores is also
included in the determination of landing weight.

The symbol for this quantity is W

The value of this quantity is reported in Pounds.

AIRCRAFT YAW ANGLE YAW, i
The Yaw Angle is the angle between the aircraft centerline and the aircraft flight path at the point of
first main wheel touchdown. Positive YAW Angle is defined to be that orientation where a clockwise
rotation of the flight path vector causes the vector to coincide with the aircraft centerline using a
minimum angular rotation. Yaw Angle is determined from film data. i

The symbol for this quantity is YAWd

The value of this quantity is reported in Degrees and Radians. i

AIRCRAFT PHI ANGLE $ I

The phi angle is the angle between the aircraft centerline and the flight deck (or runway) centerline at
the point of first main wheel touchdown. Positive Phi angle is defined to be that orientation where a
clockwise rotation of the flight deck centerline causes it to coincide with the aircraft centerline using a
minimum angular rotation. Phi angle is determined from film data.

The symbol for this quantity is 0 I

The value of this quantity is reported in Degrees and Radians. £
AIRCRAFT FLIGHT PATH ANGLE F. P. A.

The Flight Path Angle is the angle between the aircraft flight path and the flight deck centerline at the I
point of touchdown. This measurement is determined from film data. Positive Flight Path Angle is
defined to be that orientation where a clockwise rotation of the flight path vector causes the vector to
coincide with the flight deck centerline using a minimum angular rotation.

The Symbol for this quantity is F. P. A.

The value of this quantity is reported in Degrees and Radians.

6
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HEIGHT OF MAIN WHEELS OVER THE RAMP Hw

The average height of the aircraft main landing gear wheels as it flies over the aircraft carrier ramp (aft
end of flight deck) is determined from the film data. This information can also be provided for land
based surveys utilizing an apppropriate reference line on the runway.

The symbol for this quantity is Hw

The value of this quantity is reported in Feet.

HEIGHT OF THE HOOK AT THE RAMP Hn

The height of the aircraft arresting gear hook as it flies over the aircraft carrier ramp (aft end of flight
deck) is determined from the film data. This quantity is only reported on carrier surveys.

The symbol for this quantity is HH

This quantity is reported in Feet.

ANGLE OF FLIGHT DECK PITCH 8d,

This angle is the pitch angle of the aircraft carrier flight deck with respect to the horizon. This data is
recorded from the Ships Inertial Navigation System utilizing inputs to the Fresnel Lens (Mirror Land-
ing Aid System). This data is reported at the time of the aircraft first main wheel touchdown. This
parameter is reported only for carrier landings. The positive value of this quantity indicates that the
stem of the ship is up.

The symbol for this quantity is &d.

This quantity is reported in Degrees and Radians.

ANGLE OF FLIGHT DECK ROLL 8,

This angle is the roll angle of the aircraft carrier flight deck with respect to the horizon. This data is
recorded from the Ships Inertial Navigation System utilizing inputs to the Fresnel Lens (Mirror Land-
ing Aid System). Thi: data is reported at the time of the aircraft first main wheel touchdown. This
parameter is reported only for carrier landings. The positive value of this quantity indicates that the
starboard side of the ship is down.

The symbol for this quantity is 8,

This quantity is reported in Degrees and Radians.

7
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LIST OF SUBSCRIPTS 5
FFE - Free Flight Engagement

F - Indicates that the data source is film data
R - indicates data reported at the "over the ramp" position.
P - Port
S - Starboard
N - Nose Wheel I
A - Average
r - Roll

p - Pitch
td - Data reported at aircraft touchdown
d - Data referenced to the Flight Deck

STATISTICAL SYMBOLS 3
N - Number of Observations (data points)
I - Mean Value of a parameter
P - Probability
S - Standard Deviation of sample distribution

a3 - Skewness factor of sample distribution
S- Kurtosis factor of sample distribution I

I
I
I

I
I
I

I
I

B
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ANALYSIS

The relationship between the various parameters determined during a
carrier landing loads survey is complex. Successfully performing a
carrier landing is a significant accomplishment. The pilot is
assisted in this effort by a system of instruments and landing aids
which has evolved over the years. The sensitivity and accuracy of
these instruments and equipment have a direct impact on the ability of
the pilot to properly execute a carrier landing.

The principle instrumentation available to the pilot is the
"Angle of Attack" indexer, the various cockpit glideslope
displays and his observation of the fresnel lens system installed
on the aircraft carrier. In addition, on many aircraft models,
the pilot is assisted by an "Approach Power Compensator" or
"Automatic Throttle Control". This equipment adjusts engine
thrust to maintain a 1.0 g flight condition in response to
various measured inputs, e.g normal acceleration, angle of attack
and control surface position.

Table I is a listing of the mean values of principle landing
parameters determined for the fleet aircraft covered by this survey.
It provides data for both day and night landings.

Statistical tests were performed on the data. These were to
determine if a significant difference exists in the mean values
of the measured parameters for day and night landing operations.
This was done for each model of aircraft. Table II identifies
those combinations of parameters and aircraft models which
exhibit statistically significant differences in mean values at
a 95% confidence limit or higher.

The interrelationships between the various flight parameters
involved in carrier landings is described in Table II. Those
aircraft models which have a significant difference in landing
weight should also show a significant difference in approach
speed. Approach speed and landing weight are linearly related.
When a significant difference between the values of "wind over
deck" for day and night landings occurs, then engaging speeds
should change for landings of the same landing weight. If
landing weight and wind over deck change, then engaging speed and
approach speed must change. Glideslope angle should remain
constant, any change in sink speed should be accompanied with a
corresponding change in engaging speed.

The only parameter which should remain constant during a carrier
landing is glideslope angle. See Table III. The pilot is attempting
to fly down a prescribed glideslope, normally 3.5 degrees, which is
maintained by the carrier's fresnel lens system. Glideslope should be
independent of aircraft landing weight, wind over deck or even
aircraft type. Table I indicates that the survey data varies from the
expected result. The mean value of instantaneous glideslope was 2.9
degrees during the day and 3.1 degrees at night. The small variations
of survey glideslope angle from the expected value of 3.5 degrees can

9
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be attributed to the tolerances on the measured values of sink speed I
(± 1.0 ft/sec) and engaging speed (± 2.0 knots) for individual
landings used in the calculation, along with rounding errors in the
recorded deck pitch and minor angular misalignments in camera
installation.

The value of instantaneous glideslope determined from our
analysis program is calculated from the value of the tangent of I
the ratio of the average sink speed at touchdown with the

engaging speed at touchdown.

Bvv = tan (Vva/Ve) + flight deck pitch angle m

This equation correctly provides the angle of the aircraft with
the horizon. This is the same angle that the pilot is following
as he attempts to land by following the 3.5 degree angle
established by the fresnel lens system. At any instant in time,
the pilot observes the "ball" centered in the lens. The lens
mechanism is stabilized to compensate for carrier flight deck
motion, (pitch and roll).

Review of the measured approach speed listed in table I indicates thati
these values are higher than would be expected for the reported value
of mean landing weight. These values were compared with the
appropriate NATOPS approach speed curves. These comparisons are
listed in table IV. Plots of the individual landings approach speed
versus landing weight were generated and are provided as figures 1
throught 16. Day and night plots are provided for all model aircraft
in this Survey except the TA-3, which had only 23 landings recorded. I
The corresponding NATOPS curves were included in the plots. As can be
seen from these curves, the aircraft are flying approach speeds higher
than the recommended NATOPS values.

The recommended NATOPS approach speed curves provide a
relationship between aircraft approach speed and landing weight. I
The typical variation is to add one to two knots of approach
speed for each additional thousand pounds of aircraft landing
weight. These curves are prepared from flight test data for an
aircraft flying an "on-speed" approach at the proper aircraft I
"angle of attack" and descending on the prescribed 3.5 degree
glideslope. These curves also must assume a value of "wind over
deck" to convert the recommended approach speed to a value of m
aircraft engaging speed. The engaging speed limits are
established by limits on the aircraft arresting gear hook loads,
as well as the energy absorption capabilities of the arresting
gear on the aircraft carrier. If any of these variables are
different during an actual carrier landing, then the reported
approach speed will vary from the NATOPS value. 3
The sensitivity of aircraft approach speed to angle of attack
varies considerably for different aircraft models . The
difference in a "slightly fast" approach over an "on-speed" I
approach for an A-7E can be as much a six knots in approachspeed. Other models vary by two or three knots for the same

10 1
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range of angle of attack variation. The Approach Speed for an
A-6 Aircraft increases by 4.5 knots if external stores are
carried during the landing. These variations account for
asignificant portion of the differences in A-6 and A-7 engaging
speeds listed in table I.

Similarly, the tolerances in glideslope angle can have an effect
on the reported value of aircraft approach speed. The aircraft
carrier provides glideslope information to the pilot by means of
an Automatic Carrier Landing System. This information is
provided to the pilot both on cockpit displays and on the "HEADS
UP DISPLAY". The full scale deflection of these displays
indicate a vertical misalignment of the aircraft to the
glideslope of + 1.4 degrees. For small values of glideslope
misalignment, the instrumentation will provide a proportional
deflection of the glideslope displays. Given the range of this
proportional indication, a variation of 10 % , ( ± 0.14 degrees )
would not be an unreasonable tolerance to expect on the angle
being maintained by the pilot. A similar or greater tolerance
would be expected if the pilot was flying without using the ACLS
system and making a non-precision visual approach.

As an additional check on the survey results, the values of
aircraft engaging speed plus 20 knots were plotted against
landing weight for the F-14, F-18 and A-7E aircraft. These plots
are included as figures 17 thru 22. The value of twenty knots was
chosen since MIL-A-8863 defines engaging speed to be approach
speed minus twenty knots. Our program calculates approach speed
from engaging speed and reported value of "wind over deck".
Engaging speed is derived directly from our film image data.
These plots show considerably better agreement between the
reported data and the NATOPS curves, particularly for the night
landing data.

Aircraft sink speed was also plotted as a function of engaging
speed for the F-14, F-18 and A-7 aircraft. These plots are
included as figures 23 thru 28. A tolerance band generated from
the sink speed equations of table I of MIL-A-8863 was included on
the these plots. The sink speed data from this survey does fall
in the band defined by the specification.

In light of the above considerations, the observed variations in
aircraft landing performance observed in this survey can readily be
ascribed to these instrumentation tolerances and the various flight
conditions experienced by the pilots. The observed differences
between day and night landings, higher glideslope angle, higher sink
speeds and better agreement of the data with the recommended NATOPS
approach speed at night, can be explained by the increased time that
the pilot has to "fine tune" his approach. At night, the pace of
landing operations is considerably slower and the pilot is established
on his glideslope at a significantly greater distance from the ship
than during daylight visual flight operations. Typically, the pilot
turns onto the glideslope at a distance of 3 to 3.5 miles at night
compared to distance of from one to one and one half miles from the

11
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ship during the day. Additionally, it must be noted that the approach 5
speed reported from our survey depends on the accuracy of the "wind
over deck" measurement taken onboard the aircraft carrier. Local
disturbances caused by the ships configuration and motion can cause I
this value to vary from the wind conditions experienced by the
aircraft in the air mass behind the ship. The value of NATOPS
Approach Speed depends on an accurate estimate of Aircraft Landing
Weight which is based on fuel state reported by the pilot on final
approach, basic weight of the aircraft involved and the weight of any
external stores carried on the aircraft. An error of several hundred
pounds could be made in this weight calculation. These
considerations, coupled with a loss of visual references at night,
which may focus the pilots attention on his landing aids, are
sufficient to account for the minor differences between day and night
landings observed during this survey.

I1
I
I
I
I
I
I
I
I
I
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CONCLUSIONS

The data analyzed from Survey 45 leads to the following conclusions:

1. Statistically significant differences in the mean values of sink
speed, engaging speed and glideslope angle exist between day and night
landing of the F-14, F-18 and A-6E aircraft. Of these three
parameters, only the difference in engaging speed was significant for
the A-7E. Only the F-18 and EA-6B showed an increase in the variation
of glideslope angle at night when compared to the Fresnel lens
setting. For the bulk of the night landings observed (80%), the
pilots maintained glideslope more accurately at night than during the
day. This may reflect the reduced pace of night flight operations,
and the longer night landing patterns which gives the pilot a greater
opportunity to establish his glideslope and angle of attack.

2. The mean values of aircraft approach speeds determined by this
survey are higher than would be expected from review of the
appropriate NATOPS approach speed versus landing weight curves. This
variation ranged from sixteen knots for the F-18 night landings to six
knots for the E-2C day landings of this survey. The distribution of
measured values of sink speed are less than the sink speed values
calculated from measured engaging speed as described in Mil-A-8863.
The difference in mean sink speed ranged from 4.5 ft/sec lower for
both day F-14 and night F-18 landings to 2.0 ft/sec lower for night F-
14 landings.

3. The NATOPS approach speed curves consider only the effect of
landing weight on approach speed. Individual landings are not fully
defined by the NATOPS guidance. The variation in aircraft approach
speed with landing weight, wind over deck conditions, external stores
configuration and aircraft angle of attack are more complex than
indicated by the NATOPS approach speed curves. The skill and training
of the pilots are also significant in interpreting these survey
results.

13
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RECOMMENDATIONS FOR ADDITIONAL ANALYSIS AND INVESTIGATIONS 5
Review of the results of this survey lead to the following
recommendation to the NAVAL AIR SYSTEMS COMMAND for additional i
analysis and investigations of aircraft landing loads:

1. That additional studies and analysis of carrier landings be I
authorized to determine the effect of variations in ship speed and
"wind over deck" conditions on aircraft landing performance. 5
2. That an analytical method be developed to establish aircraft
engaging speed from carrier arresting gear ram runout . This would
provide an supplementary means of monitoring aircraft engaging speeds
from the arresting gears recovery log sheets, which are routinely
recorded on the ship and forwarded to the NAVAL AIR ENGINEERING
CENTER, Lakehurst N.J. This would permit adverse trends and
pctential problems to be identified prior to performing a full scale I
cz--rier survey. This would aid in planning and directing future

survey efforts.

3. The substantial data base of carrier landings included in this i
report provide an excellent source of input data for the analysis of
carrier landings. The data base on field landings for carrier
aircraft, which account for 50% of all landings of these aircraft, is
a candidate for further study. The analysis of field landings
performed during 1981 at NAS OCEANA during Survey 39 identified
significantly higher sink speeds than expected for those landings. I
Additional surveys should be authorized to verify the adequacy of the
field landings sink speed distribution in the aircraft design
specification MIL-A-8866(ASG). 5
4. An additional area of study is the short take off and landing
(STOL) operation of the AV-8B Harrier. Operational landings of this
model have never been recorded by this activity, and only hover I
landings of the AV-8A have been surveyed.

1
I
I

I
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TABLE 1: DAY/NIGHT MEAN LANDING VALUES COMPARISON

PARMETER flcf TP

NO. OF DAY 157 190 68 151 56 79 165
LANDINGS NIGHT 95 76 39 58 37 80 133

AVG. SINK DAY 10 12 10 12 10 8 8
SPEED NIGHT 12 11 11 11 10 8 9

ENGAGING DAY 113 119 102 119 107 84 94
SPEED NIGHT 109 121 101 112 109 85 91

LANDING DAY 47788 30659 32722 23798 39132 43302 36764
WEIGHT NIGHT 47953 30920 34146 23524 40086 43281 36740

GLIDE DAY 2.8 3.1 3.2 3.1 3.0 2.9 2.8

SLOPE NIGHT 3.4 2.7 3.5 3.3 2.8 3.2 2.8

APPROACH DAY 140 145 129 145 134 108 122
SPEED NIGHT 140 148 127 140 137 109 122

PITCH DAY 7.8 4.6 8.3 8.2 10.8 7.6 4.5
ANGLE NIGHT 7.5 4.7 8.2 8.0 10.2 7.6 4.7

PITCH DAY 1.8 0.3 0.5 1.0 1.6 -0.1 -0.1
RATE NIGHT 1.2 0.8 0.8 0.4 2.4 0.2 -0.0

WIND DAY 28 26 26 26 27 24 27
OVER NIGHT 31 26 26 29 29 24 32
DECK
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TABLE 2: DAY/NIGHT LANDING COMPARISON USING A SIGNIFICANTS
STATISTICAL TEST FOR THE MEAN DIFFERENCE OF TWO
DATA SAMPLES (95% CONFIDENCE OR HIGHER)

S... .I " i iijii ii i~il ..... ..... ..... . ......
AVG. SINK 99%/ 99%/ 99%/ 98%/

SPEED

ENGAGING 99% 990/% 950/0 99% 99% 1
SPEED

LANDING 990/% 99% 1
WEIGHT

GLIDE 990/c 99%/0 950/% 95% i

SLOPE

APPROACH 99% 95% 99%/o 98%

SPEED 3
PITCH

ANGLE 3
PITCH 95%

RATE 3
WIND

OVER 99% 99% 99% 99%°/

DECK

i
I
I
I
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TABLE 3: SURVEY 45 DATA ANALYS

AIRCRAFT LANIN~G INS? I : S.....s ONflTRIC, DECK
MODEL TYPE GZUZLOB OXDSOZ PITCH

F-14A DAY 2.8 3.1 -0.3
__________ NIGHT 3.4 -0.3

F-1l8 DAY 3.1 3.2 -0.3
__________ NIGHT 2.7 -0.4

A-6E DAY 3.2 3.3 -0.4
__________ NIGHT 3.5 _________-0.4

A.-7E DAY 3.1 3.4 -0.2
NIGHT 3.3 ________-0.2

EA-68 DAY 3.0 3.1 -0.3
__________ NIGHT 2.8 -0.4

E-2C DAY 2.9 3.2 -0.1
NIGHT 3.2 -0.2

S-3A DAY 2.8 3.2 -0.3
NIGHT 2.8 -0.4

TA-3 DAY 3.2 3.7 -0.3

T-2C DAY 3.0 2.8 -0.1

TA-4 DAY 2.8 3.2 -0.31

17
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TABLE 4: SURVEY 45 DATA ANALYSIS 3

F-14A DAY 140 47788 129 28 8 136.5 3.9

NIGHT 140 47953 129 31 11 139.8 -0.1

F-18 DAY 145 30659 132 26 6 137.6 7.6

NIGHT 148 30920 132 27 7 139.18 8.82

A-6E DAY 129 32722 114 26 6 119.88 8.82 3
NIGHT 127 34146 116 26 6 122.48 4.22

A-7E DAY 145 23798 128 26 6 134.3 10.6 3
NIGHT 140 23524 128 29 9 136.6 3.8

EA-6B DAY 134 39132 120 27 7 127.2 6.8 1
NIGHT 137 40086 122 29 9 130.6 6.7

E-2C DAY 108 43302 102 24 4 105.63 1.97 1
NIGHT 109 43281 102 24 4 105.6 2.9

S-3A DAY 122 36764 111 27 7 118.36 3.34

NIGHT 122 36740 111 32 12 123.32 -0.92 3

I
I
I
I
I
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TA1BLE 5: SURVEY 45 DAY CARRIRR LA1NDINGS 8U113AY

FOR 7-14K MODEL AIRCRAFT

NUMBER

PARAMBwn LANDINGS MUMN :!iDBVXPIN
Vvp 158 10.4 2.59 -0.58 3.48

Vvs 157 10.2 2.69 -0.33 3.66

Vva 157 10.3 2.55 -0.66 3.61

Vva ff 30 9.3 3.13 -0.34 2.49
Vvn 158 9.7 2.57 -0.43 3.81
Kle 158 1.1 0.10 0.26 2.95

Kle ff 30 1.09 0.11 0.73 3.70
Vw 158 28 3.40 0.39 1.89

Vef 158 113 4.44 -0.01 2.65
Vpaf 158 140 4.03 -0.01 2.80

Vpamin 156 121 2.06 -0.35 2.24
Kvpamin 156 1.17 0.03 0.04 2.65

PITCH ramp 156 9.2 1.15 0.04 3.12
PITCH td 158 7.8 1.17 0.61 4.62

PITCH td ff 30 8.1 1.18 0.79 3.07

ROLL ramp 156 -0.2 2.50 0.33 3.44

ROLL td 158 -0.6 2.10 0.10 3.34
ROLL td ff 30 -0.5 1.39 0.82 3.46

PITCH RATE 157 1.78 2.18 1.10 3.82
ROLL RATE 157 0.4 5.22 -1.55 10.54
DECK PITCH 153 -0.3 0.20 0.36 3.64

DECK ROLL 153 -0.3 1.17 0.17 2.55
OFFCENTER 158 -12.9 4.16 0.21 3.69

RAMP TO

TD DISTANCE 158 246 42.8 -0.78 4.35
WEIGHT 156 47788 1629 -0.32 2.22

WHEEL HEIGHT 156 15.4 3.52 0.14 3.20

HOOK HEIGHT 156 10.7 3.60 0.13 3.23

GEOMETRIC

GLIDESLOPE 156 3.1 0.58 0.13 2.76
INSTANTANEOUS

GLIDESLOPE 157 2.8 0.78 -0.61 3.51
WIRE # 113 2.6 0.92 -0.08 2.17

PHI RATE 158 0.5 2.31 -2.30 22.45

PHITD 158 1.8 1.74 -0.62 3.70

F.P.A. 158 -3.1 1.10 -1.02 6.04

YAW 158 4.9 2.17 -0.27 3.40
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TABLE 6: SURVEY 45 NIGHT CARRIER LANDINGS SUMMIARY 5
FOR P-14A MODEL AIRCRAFT

II

Vvp 95 12.1 2.93 -0.11 3.22

Vvs 95 11.6 2.92 -0.28 2.92 I

Vva 95 11.9 2.76 -0.45 3.38

Vva ff 7 12.2 1.99 0.58 1.89
Vvn 95 10.9 2.75 -0.06 3.75 3
Kle 95 1.05 0.11 0.96 4.99

SKleff 7 1.04 0.5 0.29 1.08

Vw 95 31 5.00 -0.08 1.38 I
Vet 95 109 6.56 0.75 4.15

Vpaf 95 140 5.88 1.16 6.94 3
Vp'amin 95 121 1.93 -0.31 2.99

Kvp'amin 95 1.16 0.05 0.92 5.91

PITCH td 95 7.5 1.34 0.67 5.89

PITCH tdlff 7 8.4 1.19 -0.07 2.04
ROLL td 95 -0.3 2.71 -0.02 3.78 3

ROLL td ff 7 0.2 1.12 -0.02 1.25

PITCH RATE 95 1.2 1.96 1.15 4.19
ROLL RATE 95 1.3 6.85 0.20 3.48 3

DECK PITCH 95 -0.3 0.20 0.14 3.04
DECK ROLL 95 -0.4 1.42 -1.64 9.47

OFFCENTER 95 -12.6 5.07 0.88 7.45
RAMP TO

TD DISTANCE 95 256 42 -0.29 2.68 3
WEIGHT 95 47953 1525 -0.26 2.93

INSTANTANEOUSI

GLIDESLOPE 95 3.36 0.89 -0.57 3.49
WIRE # 69 2.8 0.94 -0.40 1.81

PHI RATE 95 -0.1 2.72 -0.96 7.94 5i
PHI TD 95 2.8 1.63 0.02 2.44

F.P.A. 95 -3.4 1.9 -0.19 4.96

YAW 95 6.2 2.88 0.27 2.79

I
20
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TABLE 7: SURVEY 45 DAY CAiRRIER LANDINGS SUDMNRY

FOR 7-18 MODEL AIRCRAFT

NUMBER

PAPAMWtE LA14DINGS EAN ftsX~

Vvp 196 12.0 2.27 0.02 3.79
Vvs 196 12.0 2.30 -0.34 4.65

Vva 196 12.0 2.17 -0.05 3.95
Vva ft 10 12.0 1.91 0.58 2.11
Vvn 196 10.6 2.33 -0.07 3.40
Kle 196 1.1 0.08 0.00 3.43

KWe f 10 1.0 0.06 -0.37 2.29
Vw 195 26 2.69 0.21 1.76
Vef 196 118 7.62 -2.31 12.05

Vpaf 195 144 7.31 -2.15 11.56
Vpamin 185 134 2.53 -0.49 2.48_
Kvpamin 185 1.08 0.05 -2.58 15.09

PITCH ramp 191 4.8 0.99 -1.68 10.59
PITCH td 196 4.6 1.11 -0.30 3.11

PITCH td ft 10 5.4 0.53 -1.39 4.25
ROLL ramp 191 0.4 3.28 0.12 3.03

ROLL td 196 0.2 2.49 0.43 5.08
ROLL td ff 10 0.2 1.88 -0.51 2.20

PITCH RATE 196 0.25 1.91 -0.22 4.09

ROLL RATE 196 0.2 7.15 -0.34 5.83
DECK PITCH 195 -0.3 0.17 0.00 2.97
DECK ROLL 195 -0.4 1.07 -0.47 3.29

OFFCENTER 196 -9.4 5.14 0.99 6.17
RAMP TO

TD DISTANCE 196 254 38.3 0.11 2.64
WEIGHT 1185 30659 1151 -0.45 2.44

WHEEL HEIGHT 191 16.8 2.78 0.17 3.07
HOOK HEIGHT 191 13.6 2.77 0.20 2.99

GEOMETRIC
GLIDESLOPE 191 3.2 0.50 -0.07 3.82

INSTANTANEOUS

GLIDESLOPE 196 3.1 0.63 -0.04 3.74
WIRE # 152 2.9 0.72 0.03 2.14

PHI RATE 191 2.9 3.31 -0.59 5.01
PHITD 191 -1.5 3.19 0.54 2.22

F.P.A. 196 1.7 3.44 0.53 4.95

YAW 196 -3.1 1.21 0.55 2.90
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TABLE 8: SURVEY 45 NIGHT CAR.RIER LANDINGS BUIO(ARY
FOR 1-18 MODEL IlRCR M

or STAJMUD ::LPHA ALPHAI
PARKMETn LmDIN GS iHU tmVIAT3.-h`..,. 4 3

Vvp 77 10.6 2.69 0.08 2.91

Vvs 77 10.7 2.78 0.19 2.77

Vva 77 10.7 2.74 0.15 2.89

Vva ff 2 9.5 1.14 0.00 1.00

Vvn 77 9.8 2.53 -0.27 2.70 1
Kle 77 1.1 0.15 2.28 13.39'

Kle ff 2 1.1 0.05 0 1.00

Vw 77 27 3.10 -0.71 2.35
Vef 77 121 5.36 0.28 3.08

Vpaf 77 148 6.30 0.02 2.57 3
Vp'amin 77 135 4.19 5.47 41.32

Kvp'amin 77 1.1 0.05 -0.77 5.17

PITCH td 77 4.6 0.86 -0.47 4.75

PITCH td ft 2 6.0 0.35 0.00 1.00

ROLL td 77 0.2 2.61 -0.64 5.58

R'OLL td ff 2 1.8 0.40 0.00 1.00

PITCH RATE 77 0.6 3.50 -2.69 17.22

ROLL RATE 77 -0.6 7.53 0.58 5.84 3
DECK PITCH 77 -0.4 0.19 -0.33 2.58

DECK ROLL 77 -0.3 0.84 -0.55 3.66

OFFCENTER 77 -12.5 4.35 -0.05 3.43
RAMP TO

TD DISTANCE 77 252 39 -0.11 2.68

WEIGHT 77 30920 989 0.24 2.95

INSTANTANEOUS

GLIDESLOPE 77 2.62 0.78 0.13 3.21

WIRE # 63 2.9 0.75 0.21 1.82

PHI RATE 76 2.5 5.01 -1.31 8.64 1
PHI TD 76 -0.9 2.99 0.33 2.09

F.P.A. 77 -2.9 7.45 7.48 62.61

YAW 77 2.1 7.61 -5.28 40.54
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TABLE 9: SRVEYý 45 DAY CARRIER11 LAUDINGS BURMlRY
pOR A-6E MODEL AIRCRAFT

PAPAMTER LANDINGS XWN DVATO
Vvp 68 10.0 1.66 -0.08 2.73
Vvs 68 9.8 1.41 0.06 3.09
V v a 6 8 9 .91 . 4- . 53 3Vva ff 6 10.1 1.62_-003_1_6

Vvn 68 8.3 2.40 -0.70 5.59
Kle 68 1.0 0.07 -0.05 2.33

Kle ft 6 1.0 0.07____ -0.23__ 2.11__

Vw 68 26 2.08 0.06 2.53.
Vef 68 102 3.92 0.01 2.59_

Vpaf 68 129 4.52 0.20 2.76
Vpamin 68 109 2.80 -0.18 2.1

Kvpamin 68 1.19 0.04 -0.21 2.98
PITCH ramp 68 9.8 0.88 0 3.25

PITCH td 68 8.3 1.17 -0.27 2.60_
PITCH td ff 6 8.6 1.16 -0.17 1.43
ROLL ramp 68 0.4 2.17 0.86 4.11

ROLL td 68 0.2 1.79 1.28 6.25
ROLL td ff 6 0.3 1.58 -0.11 1.83

PITCH RATE 68 0.51 2.06 -0.21 2.96
ROLL RATE 68 0.6 5.08 0.01 4.53

DECK PITCH 51 -0.2 0.21 -0.16 3.91
DECK ROLL 51 -0.4 0.63 1.00 8.12
OFFCENTER 68 -11 2.88 0.65 3.77

RAMP TO

TD DISTANCE 68 268 23.4 -0.20 2.18
WEIGHT 68 32722 1080 -0.15 2.18

WHEEL HEIGHT 68 16.6 2.50 0.88 4.39
HOOK HEIGHT 68 11.3 2.55 0.84 4.20

GEOMETRIC
GLIDESLOPE 68 3.3 0.44 0.29 3.01

INSTANTANEOUS
GLIDESLOPE 68 3.2 0.50 -0.44 2.91

WIRE # 54 3.3 0.68 -0.41 2.17
PHI RATE 68 2.7 2.66 0.45 2.42

PHITD 68 -2.7 3.78 0.17 1.64

F.P.A. 68 -3.2 0.89 1.07 5.55
YAW 68 0.61 3.53 0.08 1.76
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TABLE 10: SURVEY 45 NI1GHT CARRIEZR LANDINGS SUMMCARY
FOR A-GE MODEL AIRCRAFT

....E ...... U---
OF~~. ...PM ...... LPB

PARIWIBT........ ..DI.......VA!OV4
...3 10.9... 2.....0 -0.0 2.83.

Vvs 39 10.8.1.99.-0.2732
_ _ _ _ _ _ _ _ _....................._Vva 39..10.9..2.01.-0.2630

....... 7 8.7. 2.16.. - .22..9
VvnZ 39.. 9..8 -. 03...2.82...3

K.... 39 1. 0.1 0.83.3.53
...... 7... 110 10. 88....2.23..

V~ 39 26 2.75 1.46.353.
Vef.39.101.3.65.0.65.3.45

p.a. 39.. 127. 3 .9 0.242.4.

ROLvt 39 10.4 1.75 -0.04 2.283

PITH AT 39 10.8 2.82 -0.27 3.51
ROL AT 39 10.9 4.61 -0.217 3.099

DEC PTC 39 -0.2 0.32 -0.07 1.821
DEKRLL 39 -. 0. 0.69 -0.63 6.97

OFfCTE 39 -101. 3.87 -0.04 2.89

TD ISANC 39 12653 289 0.524 2.524
WE'aIGH 39 3414 1161 -2.04 9.07

GLIDESLOP 39 3.50 0.79 -0.18 2.40

WITCH 31 3f7 .1 0.80 -0.12 1.57

PITHI RATE 39 2.3 2.826 02.7 3.013
PHIL RTE 39 -1.5 4.37 -0.71 2.29

DECKPITAH 39 -02. 1.18 0.67 3.212

YDDSAWC 39 16.38 4.1 -0.61 2.54

2EGT3 446 111 -. 490

INSTANANEOU



NADC-91124-60

TABLE 11: SURVEY 45 DAY CARRIER LAINDINGS SUIKA(RY
FOR A-7T MODEL AIRCRAPT

NUMBERi

PPMIXBWIR LA14DXMGS £El D3V.........

Vvp 151 11.6 1.80 -0.06 2.73

Vvs 151 11.4 1.87 -0.29 3.09

Vva 151 11.5 1.77 -0.15 3.13

Vva ff 7 10.5 1.34 0.36 1.67

Vvn 151 11.5 2.00 -0.73 5.59

Kle 151 1.1 0.98 0.73 2.33

Kle ff 7 1.1 0.08 -0.27 2.11

Vw 151 26 1.93 1.34 2.53

Vef 151 119 5.36 -0.35 2.59

Vpaf 151 145 5.30 0.08 2.76

Vpamin 141 134 2.63 -0.47 2.17

Kvpamin 141 1.08 0.04 -0.17 2.98

PITCH ramp 147 8.8 1.05 0.03 3.25

PITCH td 151 8.2 1.38 0.23 2.60

PITCH td ff 7 10.3 1.32 0.70 1.43

ROLL ramp 147 0.6 2.57 -0.17 4.11

ROLL td 151 -0.6 1.98 0.22 6.25

ROLL td ff 7 0.3 1.50 -1.57 1.83

PITCH RATE 151 1.04 3.00 -0.06 2.96

ROLL RATE 151 1.9 5.40 0.06 4.53

DECK PITCH 128 -0.2 0.17 -0.49 3.91

DECK ROLL 128 -0.5 0.63 1.41 8.12

OFFCENTER 151 -9.2 4.16 1.08 3.77

RAMP TO

TD DISTANCE 151 253 32.9 -0.14 2.18

WEIGHT 141 23799 927 -0.44 2.18

WHEEL HEIGHT 147 16.3 2.48 0.02 4.39

HOOK HEIGHT 147 12.9 2.50 -0.06 4.20

GEOMETRIC

GLIDESLOPE 147 3.4 0.45 -0.33 3.01

INSTANTANEOUS

GLIDESLOPE 151 3.1 0.52 -0.05 2.91

WIRE # 119 2.9 0.73 -0.24 2.17

PHI RATE 151 3.1 2.33 0.06 2.42

PHITD 151 -2.3 2.71 0.61 1.64

F.P.A. 151 -3.4 0.8 -0.64 5.55

YAW 151 1.2 2.86 0.56 1.76

25



NADC-91 124-603

TABLE 12: SURVEY 45 NIGHT CARRIER LANDINGS SUQAR
FOR A-7E MODEL AIRCRAFT

NUMBERU

PARAMCETER LANING :::.:.DEVIATION . ........

Vvp 58 11.3 2.54 -0.05 2.02
Vvs 58 11.2 2.51 -0.01 2.75
Vva 58 11.3 2.46 -0.04 2.36.
Vvn 58 11.2 2.40 -0.36 2.76
Kle 58 1.1 0.10 0.74 3.203
Vw 58 29 3.71 -0.20 1.16
Vef 58 112 8.72 0.70 5.26

Vpaf 58 140 9.49 1.20 5.34
Vp'amin 58 134 3.71 -1.56 6.08
Kvp'amin 58 1.05 0.07 1.00 4.283
PITCH td 58 8.0 1.59 0.63 3.36
ROLL td 58 -0.6 1.72 -0.42 3.03

PITCH RATE 58 0.4 3.00 0.18 3.60
ROLL RATE 58 0.9 8.10 -0.46 3.12

DECK PITCH 58 -0.2 0.23 -0.23 2.683
DECK ROLL 58 0.2 0.84 1.1 3.89

OFFCENTER 58 -8.5 4.01 0.12 3.54
RAMP TO3

TD DISTANCE 58 271 36 -0.51 2.78
WEIGHT 58 23524 1280 -1.45 5.64

INSTANTANEOUS
GLIDESLOPE 58 3.25 0.82 0.02 2.68

WIRE # 47 3.2 0.87 -0.67 2.503
PHI RATE 58 -0.5 2.97 0.51 3.99

PHITD 58 2.3 1.46 -2.14 11.51

F.P.A. 58 -3.3 2.22 0.72 4.51
YAW 58 5.5 2.68 -0.37 2.58

PHI RATE 39 2.3 2.26 2.47 3.013
PHI TD 39 -1.5 4.37 -0.71 2.2
F.P.A. 39 -2.8 1.18 0.67 3.12

YAW 39 1.3 4.19 -0.61 2.54
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TABLE 13: SURVEY 45 DAY CARRIER LANDINGS SUIOIMY
FOR XA-63 MODEL AIRCRAFT

NuMERI

Vvp 156 10.6 1.86 -0.17 2.76

- Vvs 56 10.31 1.81 0.51 3.39
Vva 56 10.4 1.73 0.03 2.77

Vva ft 5 8.2 1.63 0.22 1.38

Vvn 56 6.6 3.42 -0.23 1.79
Kle 56 1.0, 0.09 0.19 2.18

Kle ft 5 1.1 0.07 0.34 1.85
Vw 56 27 3.66 0.02 1.62
Vef 56 107 5.32 0.53 3.23

Vpaf 56 134 6.08 0.16 2.55
Vpamin 53 119 2.39 0.29 3.22
Kvpamin 53 1.13 0.05 0.28 2.98

PITCH ramp 56 12.3 1.32 -0.27 3.07
PITCH td 56 10.8 1.41 0.07 2.46

PITCH td ff 5 11.7 0.40 -0.41 2.20
ROLL ramp 56 0.7 2.91 0.19 2.40

ROLL td 56 0.0 2.62 1.03 4.84

ROLL td ft 5 -0.8 0.42 0.12 1.75
PITCH RATE 56 1.6 2.33 0.68 3.30

ROLL RATE 56 1.1 4.84 0.31 3.78
DECK PITCH 56 -0.3 0.17 -0.19 3.40

DECK ROLL 56 -0.4 0.86 -0.44 4.05

OFFCENTER 56 -9.6 4.60 0.43 3.57
RAMPTC

TD DISTANCE .116 246 33.8 -0.81 3.93

L WEIGHT 53 39132 1579 0.35 0.36

WHEEL HEIGHT 56 15.8 2.27 0.71 3.46

HOOK HEIGHT 56 9.8 2.41 0.60 3.20

GEOMETRIC

GLIDESLOPE 56 3.1 0.52 0.86 5.44
INSTANTANEOUS

GLIDESLOPE 56____ 3.0 _____ 0.57 _-0_4 3.04

WIRE # 49____ 3.1__ 0.69____ -0___16 2.10_

PHI RATE 56____ 1.1__ 3.01 _-0.3 3.54

PHI TD 56____ 0.1_2. _-0_7 2.81

F.P.A. 56_____ -2.9__ 1.43_____ __ 0.69 6.25

YW _ _ _ _0 _ _6 _ _3 4.65
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TABLE 14: SURVEY 45 NIGHT CARRIER LANDINGS SUNaIARY
FOR FA-6B MODEL AIRCRAFT

S!U
OF STA1MM LI L~

PAVRLMETER LANDINGS MEN DVAIN 343
Vvp 37 10.3 2.49 -0.01 1.98

Vvs 37 9.9 2.12 0.20 2.17

Vva 37 10.1 2.21 0.02 2.08

Vva ff 3 9.3 2.96 0.34 1.50

Vvn 37 6.7 3.41 0.31 2.81 3
Kle 37 1.1 0.09 0.47 2.59

Kle ff 3 1.1 0.09 -0.71 1.50

Vw 37 29 1.62 -0.63 2.42

Vef 37 109 6.63 1.77 9.45

Vpaf 37 137 6.65 2.20 10.97 3
Vp'amin 37 120 2.22 -0.62 3.42

Kvp'amin 37 1.14 0.07 2.79 13.86

PITCH td 37 10.2 1.63 0.21 2.50

PITCH td ff 3 11.8 1.05 -0.63 1.50

ROLL td 37 1.1 2.33 -0.07 2.65

ROLL td ff 3 -1.5 2.00 0.02 1.50

PITCH RATE 37 2.4 3.20 0.71 2.70

ROLL RATE 37 1.9 5.99 0.41 2.86

DECK PITCH 37 -0.4 0.20 0.69 4.23

DECK ROLL 37 -0.1 0.83 0.01 2.68

OFFCENTER 37 -11.8 3.88 0.46 3.66

RAMP TO

TD DISTANCE 37 249 40 0.08 2.90

WEIGHT 37 40086 1476 -0.57 3.32

INSTANTANEOUS

GLIDESLOPE 37 2.74 0.69 -0.23 2.23

WIRE # 27 2.6 0.82 0.78 1.92

PHI RATE 37 3.7 4.27 -0.43 2.89

PHITD 37 -1.7 3.07 0.18 1.76

F.P.A. 37 -3.9 1.8 1.15 5.27

YAW 37 2.2 3.62 0.36 2.23
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TABLE 15: SURVEY 45 E-2C DAY CARRIER LANDING DATA SUMMARY

NUMBER...........
or O~~W~RE ~LP ALA$PHA

PARAMETER LANDINGS MEWI Dxvi TION 3 4
Vvp 79 7.7 1.93 -0.08 2.77
Vvs 79 7.5 1.94 0.09 4.09
Vva 79 7.5 1.75 -0.32 3.17

Vva ff 4 6.7 1.17 0.38 1.93
Vvn 79 6.2 2.29 -0.39 3.11
Kle 79 1.0 0.11 0.46 3.16

Kle ff 4 1.1 0.8 0.49 1.63
Vw 79 24 1.24 -1.43 4.51
Vef 79 83 4.24 -0.69 7.45
Vpaf 79 108 4.30 -0.72 8.75

Vsp'a 78 86 1.10 0.29 2.76
Kvsp'a 78 1.25 0.03 0.42 3.61

PITCH ramp 75 9.0 1.54 -1.83 11.78
PITCH td 79 7.6 1.18 -1.03 7.78

PITCH td ff 4 8.9 1.46 0.45 1.69
ROLL ramp 75 1.0 2.82 0.69 3.54

ROLL td 79 0.4 2.34 0.41 4.06
ROLL td ff 4 1.8 1.01 -0.04 1.10

PITCH RATE 79 -0.1 2.23 0.37 4.80
ROLL RATE 79 0.3 4.95 -0.34 3.75

DECK PITCH 79 -0.1 0.21 0.29 3.09
DECK ROLL 79 0.2 0.77 0.46 3.88
OFFCENTER 79 -11.1 3.61 -0.30 2.63

RAMP TO
TD DISTANCE 66 253.18 4.74 0.57 3.60

WEIGHT 78 43302 1115 0.33 2.78
WHEEL HEIGHT 75 15.2 2.44 0.16 2.70
HOOK HEIGHT 75 9.4 2.57 0.31 2.66
GEOMETRIC
GLIDESLOPE 75 2.7 0.49 0.53 3.45

INSTANTANEOUS
GLIDESLOPE 79 2.9 0.75 -0.05 2.81

WIRE # 65 2.6 0.68 0.54 2.60
PHI RATE 79 -0.1 2.23 0.37 4.80

PHI TD 79 -0.1 1.96 -0.04 2.38
F.P.A. 79 -2.6 1.64 0.10 3.62
YAW 79 2.4 2.57 -0.22 2.77
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TABLE 1.6: SURVEY 45 NXGHT CARRIER LANDINGS SUIDIARY
FOR E-2C MODEL AIRCRAFT

.... .... ... .......
O F ................

PAIAM...B.... ..DI G .... .....OVS
Vvp..80.8.2..2.31. -0. 2 3.... . 00.

v.80..0 2.4 - .16 ... 3. 23..
__ __ _________NUMBER________Vva80 .3 .18 -0.0 .. 20...

Vva 6 95 124.060 .. 13...
Vvn 80 6.3 2.57.-0.142.0.

Vef 80 852 5.04 -0.06 3.72

E Vpaf 80 18. 5.34 -0.26 32.60

Vspa 80 869. 1.03 0.80 4.28
Kvsp' 80 1.26 0.06 -0.23 2.83

PITlt 80 7.6 1.14 0.14 2.45.
PITH t ff 6 8.6 0.79 -0.06 1.93

ROL t 80 124 3.06 1.07 5.056
ROLdft 60 0.5 50.9 -0.06 3.08

PITHATE 80 10.2 1.98 0.15 4.48.
ROLL AT 80 1.1 4.95 -0.680 4.178

DEKPITCHt 80 -0.2 0.16 0.50 3.67.

DECK ROLL 80 0.0 0.92 -0.64 3.41

OFFCENTER 80 -11.9 4.20 0.73 4.20
RAMP TO

TD DISTANCE 80 254 5.65 -0.16 2.533
WEIGHT 80 43281 1047 0.84 4.36

INSTANTANEOUSII

GLIDESLOPE 80 3.2 0.89 0.03 3.44
WIRE # 71 3.1 0.82 -0.08 2.56

PHI RATE 80 0.6 3.27 0.24 4.153
PHI TD 80 0.6 2.27 -0.39 2.92

F.P.A.- 80 -3.5 2.22 1.13 4.39

YAW 80 4.0 3.26 -0.80 3.501
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TABLE 17: SURVEY 45 DAY CARRIER LANDINGS SUMMARY

FOR B-3k MODEL AIRCRAFT

PARMEER ANING MA DE1TRk

Vvp 165 8.5 2.07 0.31 3.58

Vvs 165 8.2 2.00 0.48 3.89

Vva 165 8.4 1.96 0.47 4.27

Vva ff 13 6.9 1.98 0.30 2.96

Vvn 165 8.1 1.70 0.47 3.73

Kle 165 1.0 0.09 0.32 3.52

Kle ff 13 1.1 0.07 -0.13 2.70

Vw 165 27 4.58 0.29 3.00

Vet 165 94 5.38 0.09 2.61

Vpaf 165 122 4.75 -0.21 2.54

Vp'amen 164 105 2.14 0.29 2.37

Kvp' amin 164 1.16 0.05 0.18 2.74

PITCH ramp 161 5.5 1.19 0.55 3.89

PITCH td 165 4.5 1.20 0.18 3.57

PITCH td ff 13 5.1 0.89 0.00 2.40

ROLL ramp 161 -0.1 2.08 0.48 3.65

ROLL td 165 -0.6 1.89 0.57 4.48

ROLL td ff 13 -0.5 1.17 0.34 2.05

PITCH RATE 165 -0.1 2.57 -0.11 4.87

ROLL RATE 165 1.0 4.10 0.07 3.81

DECK PITCH 149 -0.3 I0.21 -0.04 2.37

DECK ROLL 149 -0.4 1.09 0.12 3.59

OFFCENTER 165 10.6 4.52 0.22 2.97

RAMP TO
TD DISTANCE 165 248 32.93 -0.39 2.85

WEIGHT 164 36764 1501 0.33 2.39

WHEEL HEIGHT 161 15.5 2.56 0.71 3.57

HOOK HEIGHT 161 12.8 2.57 0.64 3.50

GEOMETRIC

GLIDESLOPE 161 3.23 0.67 0.74 4.01

INSTANTANEOUS

GLIDESLOPE 165 2.80 0.70 0.45 3.20

WIRE # 131 2.6 0.76 0.47 2.34

PHI RATE 165 1.6 2.65 0.10 4.09

PHI TD 165 -1.3 2.82 0.03 2.02

F.P.A. 165 -3.1 1.13 0.60 4.30

YAW 165 1.8 2.92 0.05 2.72
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TABLE 18: SURVEY 45 NIGHT CARRIER LANDI"NGS SUMARY

FOR 8-3A MODEL AIRCRAFT

NUMBERI
or STEJ WARD ILNUA JLPEA

PARKMETE LANDINGS mENy DEVIATION, 41
Vvp 133 8.6 1.97 -0.06 3.16

Vvs 133 8.4 2.20 0.02 2.54

Vva 133 8.6 1.92 -0.13 2.66

Vva ff 7 7.7 2.23 -0.59 2.06

Vvn 133 8.2 1.80 -0.08 2.63

Kle 133 1.0 0.09 -0.06 3.97

Kle ff 7 1.0 0.05 0.95 1.90

Vw 133 32 2.04 0.01 1.98 1
Vef 133 91 5.87 -0.17 3.39

Vpaf 133 122 5.64 -0.38 4.99 1
Vp'amin 133 105 2.55 -0.05 2.19

Kvp'amin 133 1.17 0.05 -0.26 4.00

PITCH td 133 4.7 1.23 -0.57 5.40

PITCH td ff 7 5.1 0.78 1.27 3.63

ROLL td 133 -1.0 2.23 0.22 3.43

ROLL td ff 6 -1.0 1.63 0.73 1.96

PITCH RATE 133 -0.4 2.33 -0.42 3.45

ROLL RATE 133 0.6 5.91 0.55 4.06

DECK PITCH 133 -0.4 0.21 0.15 2.17

DECK ROLL 133 -0.3 1.04 -0.28 3.55

OFFCENTER 133 10.7 5.34 0.36 3.81

RAMP TO

TD DISTANCE 133 276 38.32 -0.28 2.65 1
WEIGHT 133 36741 1782 0.00 2.19

INSTANTANEOUS

GLIDESLOPE 133 2.84 0.71 -0.37 2.78

WIRE # 98 3.0 0.77 -0.20 2.34

PHIRATE 133 1.4 3.71 0.80 5.10 i

PHI TD 133 -0.5 3.36 0.21 1.85

F.P.A. 133 -3.5 1.58 1.50 10.27

YAW 133 3.1 3.68 0.27 2.45
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TABLE 19: BURVEY 45 DAY CARRIUI LANDINGS SWOSAY
FO= TA-39 MODEL AIRCRAFT

:FSTID R .......... A
PAIUWB!Rn LA1NDIXGB .EA .3~~2O ........... 4

Vvp 23 9.9 2.10 0.22 2.36
Vvs 23 10.0 2.23 -0.10 2.72

Vva 23 10.0 2.13 -0.14 2.57
Vva ff 2 7.6 2.50 0.00 1.00
Vvn 23 10.3 1.63 -0.07 2.15
Kle 23 1.1 0.11 0.17 2.27

Kle ff 2 1.1 0.0 0.0 0.0-
Vw 23 24 1.88 0.32 2.91_
Vet 23 100 4.51 0.50 1.94

Vpaf 23 125 4.47 0.40 2.27_
Vp'amin 22 113 2.14 -0.81 2.92

Kvp'amin 22 1.11 0.05 0.75 2.66
PITCH ramp 23 3.1 1.21 0.17 2.71

PITCH td 23 2.9 1.07 0.52 2.74

PITCH td ft 2 4.5 0.05 0.00 1.00

ROLL ramp 23 -1.0 1.45 0.03 2.75
ROLL td 23 -0.7 1.65 -0.44 3.17

ROLL td ff 2 -3.3 1.40 0.00 1.00
PITCH RATE 23 1.7 2.62 -0.27 2.66
ROLL RATE 23 -0.2 2.79 -0.09 2.50

DECK PITCH 19 -0.3 0.13 -0.60 2.04

DECK ROLL 19 0.58 0.40 -0.73 2.68

OFFCENTER 23 -8.9 4.08 -0.24 1.99
RAMP TO

TD DISTANCE 23 243 34.93 -0.28 3.76
WEIGHT 22 48109 1808 -0.77 2.83

WHEEL HEIGHT 23 17.2 2.66 -0.10 2.10

HOOK HEIGHT 23 13.8 2.80 -0.11 2.11

GEOMETRIC
GLIDESLOPE 23 3.71 0.73 0.18 2.56

INSTANTANEOUS

GLIDESLOPE 23 3.15 0.75 -0.20 2.32
WIRE # 16 2.6 0.86 0.39 2.21

PHI RATE 23 -0.8 1.22 0.12 2.63

PHI TD 23 3.2 2.31 -0.98 3.71

F.P.A. 23 -3.4 1.25 0.49 4.22

YAW 23 6.6 2.93 -0.58 2.53
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TABLE 20: SURVEY 4S DpAY C•RRRR LArDINGS SUMIMARY
FOR T-2C MODEL AIRCRAFT

PARAmnB3 .....MG ....ZIAXV

Vvp 498 7.9 2.28 0.42 4.44 •

Vvs 498 7.2 2.15 0.59 4.17

Vva 498 7.5 1.94 0.62 4.48

Vva ff 28 7.0 1.86 1.46 5.85

Vvn 498 7.5 1.94 0.37 4.02

Kle 498 1.0 0.10 0.85 6.53

Kle ff 28 1.1 0.08 -0.5 2.9 I
Vw 498 24 1.91 0.12 3.44

Vef 498 82 5.42 0.32 4.33

Vpaf 498 106 5.41 0.31 3.83

Vp'amin 496 95 1.84 0.73 6.29

Kvp'amin 496 1.12 0.06 0.59 4.97 I
PITCH ramp 490 6.0 1.29 0.36 4.15

PITCH td 498 4.8 1.57 0.37 3.22

PITCH td ff 28 5.8 1.22 0.84 3.76

ROLL ramp 490 -0.2 2.81 0.09 3.57

ROLL td 498 0.1 2.93 0.57 3.62

ROLL td ff 28 -0.9 1.36 -0.07 2.54

PITCH RATE 498 0.9 3.56 -0.02 4.80'

ROLL RATE 498 1.8 6.59 0.10 3.68

DECK PITCH 493 -0.1 0.21 -0.39 3.03

DECK ROLL 493 -0.1 0.95 0.13 4.35

OFFCENTER 498 -11.1 5.23 -0.01 4.12

RAMP TO

TD DISTANCE 498 248 44.5 -0.33 2.66

WEIGHT 496 9433 367 0.87 6.67

WHEEL HEIGHT 490 15.7 3.04 0.20 2.93 1
HOOK HEIGHT 490 13.2 3.08 0.14 2.92

GEOMETRIC

GLIDESLOPE 498 2.8 0.66 0.97 5.59

INSTANTANEOUS

GLIDESLOPE 498 3.00 0.83 0.57 4.08

WIRE # 310 2.9 0.80 0.22 1.61

PHI RATE 498 -0.2 5.45 -1.08 16.05

PHI TD 498 0.8 2.11 0.04 4.06
F.P.A. 498 -2.8 2.26 0.38 10.10

YAW 498 3.6 3.41 -0.19 4.86 3
34
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TABLI 21: SURVEY 45 DAY CARRXER LANDINGs SUmmAy

FOR TA-4J MODEL AIXRCRAFT

.........
O F S T A................K

...D... .U ... ~ IO .. .....
...65.0. .3 0.........1 3.13

_____________________ . .______________________ ........ __________ __________________

Vvn 635 10.2 2.33 -0.32 3.70
Kve 635 10.1 0.10 2.075 35.05

Kle ff 120 1.1 0.12 2.66 19.74

Vw 635 26 3.30 0.31 3.44

Vet 635 113 6.68 0.49 8.05

Vpaf 635 140 6.73 0.46 6.09
Vp'amiri 624 129 1.47 -1.10 3.30
Kvp'amin 624 1.09 0.05 0.46 6.01

PITCH ramp 617 14.2 1.48 -0.01 3.23
PITCH td 635 11.9 1.50 -0.14 3.61

PITCH td ff 120 12.3 1.49 0.35 3.53
ROLL ramp 617 0.6 3.40 0.46 3.87

ROLL td 635 -0.9 2.83 0.29 3.94

ROLL td ft 120 -0.6 2.30 0.27 3.65
PITCH RATE 635 3.8 3.27 0.43 4.61

ROLL RATE 635 1.7 7.80 0.05 4.01

DECK PITCH 553 -0.3 0.20 0.40 3.54

DECK ROLL 553 0.15 1.17 0.27 3.28

OFFCENTER 635 -9.2 6.13 -0.33 4.58
RAMP TO

TD DISTANCE 635 254 42.11 0.01 2.68
WEIGHT 624 14062 320 -1.08 3.25

WHEEL HEIGHT 617 15.8 3.20 0.66 3.57

HOOK HEIGHT 617 12.2 3.21 0.61 3.42

GEOMETRIC

GLIDESLOPE 617 3.16 0.59 0.16 3.31
INSTANTANEOUS

GLIDESLOPE 635 2.84 0.72 -0.11 3.41

WIRE # 452 2.8 0.88 -0.40 2.50
PHI RATE 635 3.0 3.87 0.26 6.79

PHI TD 635 -3.3 3.07 -0.8 3.43

F.P.A. 635 -3.8 1.89 0.07 6.23

YAW 635 0.6 3.64 -0.13 3.21
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Code 6042
10 Jun 87

LANDING LOADS SURVEY DEFINITIONS

SINK SPEED - V V - The sink speed of the aircraft landing gear wheel just
prior to touchdown. Sink speed is reported for each landing gear
individually; that is for the port, starboard, and nose wheels just prior to
individual deck contact. In addition, the Average Sink Speed of the
aircraft main landing gear is calculated just prior to touchdown of the
first main landing gear wheel. Sink speed is determined from film data.

The symbols used to identify aircraft sink speed are as follows:

VVA - average sink speed

V ' - sink speed of the starboard main wheel
Vs

V VP - sink speed of the port main wheel

VVN - sink speed of the nose landing gear

The values of aircraft sink speed are reported in both feet per second
(ft/sec.) and meters per second (meters/sec.).

For shipboard landings, the values of sink speed are reported with
respect to the vessels flight deck.

WING LIFT FACTOR - KLE - The Wing Lift Factor is calculated from the
derivative of the aircraft average sink speed. It is calculated just prior
to the touchdown of the first main landing gear. A value of 1.0 for the
Wing Lift Factor indicates that a constant sink speed is being maintained.
If the value of KL is greater than 1.0, this indicates that the sink speed
is decreasing and the wing lift is greater than 1.0 G. Conversely, if the
value is less than 1.0, then the sink speed is increasing and the lift being
generated is less than 1.0 G.

The value of Wing Lift Factor is calculated from the equation

KLE - (2*C/32.2) + 1.0

where the value of 2*C is the second derivative of the regression curve of
the aircraft vertical position with respect to time, evaluated at touchdown
(t-0). The regression curve is that calculated for the average vertical
position of the aircraft main landing gear and has the form of the equation

Position - A + Bt + Ct 2

The symbol for WING LIFT FACTOR is K.LE. This quantity is dimensionless.

The value of wing lift factor is measured with respect to the flight
deck. (This velue could be referenced to the horizon by correcting it for
deck pitch angle.)

Encl (4
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I

WIND OVER DECK - VV1 - Wind Over Deck is the wind velocity measured by the
ships instrumentation with respect to the flight deck. For aircraft carrier
landings, the wind component down the landing deck is utilized. The positive
direction for Wind Over Deck is from the ships bow to the stern, down the
angle deck.

The symbol for WIND OVER DECK is VW.

The value of Wind Over Deck is reported in knots and meters per second.

ENGAGING SPEED - VE - The engaging speed is the speed with which the
aircraft closes on the aircraft carrier's flight deck. Engaging speed is
reported with respect to the flight deck. Engaging Speed is calculated from
film measurements.

The symbol for ENGAGING SPEED is V E.

The value of Engaging Speed is reported in knots and meters per second.

The value of engaging speed measured at the "over the ramp" position is |
identified as Veor*.

APPROACH SPEED - VP'AF - The value of Approach Speed reported is the
algebraic sum of Engaging Speed and component of Wind Over Deck parallel to
the centerline of the angle deck. The value of Approach Speed is the
aircraft horizontal velocity with respect to the air mass. 3

The symbol for APPROACH SPEED is V1pAF.

The value of Approach Speed is reported in knots and meters per second.

MINIMUM POWER APPROAc;H SPEED V P'Amin - This value is the minimum power
approach speed for a jet aircraft in the power approach configuration
(landing gear, flaps and other high lift devices deployed). This number is
determined from the aircraft's aerodynamic characteristics and landing
weight per criteria established by NAVAIR.

The symbol for MINIMUM POWER APPROACH SPEED is VPAmin.

The value of minimum power approach speed is reported in knots and
meters per second.

POWER APPROACH STALL SPEED - SP'A - This value is the power approach stall
speed for a propeller driven aircraft in the power approach configuration
(landing gear flaps and other high lift devices deployed). This number is
determined from the aircraft's aerodynamic characteristics and landing I
weight per criteria established by NAVAIR.

The symbol for POWER APPROACH STALL SPEED is V SP-A*

The value of power approach stall speed is reported in knots and meters
per second. 3

21
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RATIO OF MEASURED APPROACH SPEED TO MINIKUH POWER APPROACII SPVEED - KVP'Amin
- The ratio of the jet aircraft approach speed determined from film data to

the minimum power approach speed for the same landing weight.

The symbol for the RATIO OF V pAF/V p'Amin is KvP.Amin*

This quantity is dimensionless.

RATIO OF MEASURED APPROACH SPEED TO POWER APPROACH STALL SPEED - KVSP'A -
The ratio of the propeller driven aircraft measured approach speed,
determined from film data, to the aircraft power approach stall speed, for
the same value of landing weight.

The symbol for the RATIO OF V pAp/VSPoA is KVSp-A.

This quantity is dimensionless.

AIRCRAFT PITCH ANGLE - 8p - The aircraft pitch angle measured between the
aircraft reference line and a lit.e parrallel with the aircraft carrier's
flight deck. Positive values of pitch angle are reported for an aircraft
exhibiting a nose up attitude. Pitch Angle is determined from film data.

The symbol used for PITCH ANGLE is 0.

The value of this quantity is r. ,orted in both degrees and radians.

The value of pitch angle is reported at two locations--just prior to
first wheel touchdown, and as the aircraft flies "over the ramp" at the
stern end of an aircraft carrier's flight deck.

SUBSCRIPTS: R - Over the ramp

td - At touchdown

AIRCRAFT RO1 ANGLE 8 _-) - The Aircraft Roll angle measured between the
aircraft reference line and a line parallel with the aircraft carrier's
flight deck. Positive values of roll angle are reported for an aircraft
whose starboard wing is down. Roll Angle is determined from film data.

The symbol used for ROLL ANGLE is -
8 r'

The value of this quantity is reported in both degrees and radians.

The value of roll angle is reported at two locations; just prior to
first wheel touchdown and as the aircraft flies "over the ramp" at the stern
end of an aircraft carrier's flight deck.

SUBSCRIPTS: R - Over the ramp

td - At touchdown

3
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I

AIRCRAFT PITCH RATE - - The aircraft pitch rate is calculated from the 1
film data. It is reported just prior to the touchdown of the first main
wheel. Positive values of this variable indicates that the aircraft nose is
pitching down. This rate is deternmined with respect to the flight deck. I

The symbol used for THIS QUANTITY is 0p.

The value of this quantity is reported in both degrees per second 3
(deg./sec) and radians per second (radians/sec.).

AIRCRAFT ROLL RATE - br- The aircraft roll rate is calculated from the film
data. It is reported just prior to the touchdown of the first main wheel.
Positive values of this variable indicates that the aircraft is rolling to
port. This rate is determined with respect to the flight deck.

The symbol used for THIS QUANTITY is r- I

The value of this quantity is reported in both degrees per second
(deg./sec) and radians per second (radians/sec.).

AIRCRAFT OFF-CENTERLINE DISTANCE - Y - This is the perpendicular distance
measured between the aircraft centerlLne and the centerline of the flight
deck (or runway). This value is calculated from film data just prior to I
first main wheel touchdown. Positive values of this quantity indicate that

the aircraft landed on the port side of the flight deck centerline.

The symbol for THIS QUANTITY is Y. I
The value of this quantity is reported in feet (ft) and meters.

DISTANCE FROM RAMP TO FIRST MAIN W11EEL TOUCHDOWN - XW - For aircraft carrier
landings the distance between the flight deck ramp (aft end of the flight
deck) and the point of first main wheel touchdown is determined from the
film data. For land based surveys, this distance can be determined from an I
appropriate reference line with respect to the camera.

The symbol for THIS QUANTITY is - XW. I

The value of this quantity is reported in feet (ft) and meters.

AIRCRAFT INSTANTANEOUS GLIDESLOPE ANGLE - BVV - This angle is determined
just prior to first main wheel touchdown. The value of average sink speed I
(VvA) and engaging speed (VE) are used to define the instantaneous

glideslope. These values are entered into the equation;

OVv - arctan(VvA/VE) + deck pitch angle

NOTE: A Consistent set of units must be used in this equation. 3
The symbol for THIS QUANTITY is 0V.

The value of this quantity is reported in degrees and radians 3

41 U
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AIRCRAFT CEOMETRIC CLIDESLOPE I NtLE - W - This angie is determined by
utilizing the Distance From The Ramp To Touchdown (XW) and Height Of Main
Wheels At The Ramp (%W). These values are substituted into theEquation:

arctan((Vetd-SS/Vetd)*(h{w/Xw)J + deck pitch angle

Where SS is Ships Speed.

The Quantity (Vetd-S,/Vetd)is a correction factor for ships forward
motion during the time the aircraft flies from the Ramp position to
Touchdown.

NOTE: A consistent set of units must be used in this equation.

The symbol for THIS QUANTITY is - NW

LANDING WEIGH1T -- W - The landing weight reported in the survey is determined
from aircraft basic weight and the reported fuel state on aircraft final
approach (the "Ball State"). The type and quantity of any external stores
is also included in the determination of landing weight.

The Symbol for TIlLS QUANTITY is W.

The value of this quantity is reported in pounds and kilograms.

AIRCRAFT YiW ANGLE - YAWTD - The Yaw Angle is the angle between the aircraft
centerline and the aircraft flight path at the point of first main wheel
touchdown. Posi-ive YAW Angle is defined to be that orientation where a
clockwise rotati.vn of the yaw vector causes the vector to coincide with the
aircraft centerline using a minimum angular rotation. Yaw Angle is
determined from film data.

The Symbol for THIS QUANTITY is YAWTD*

The value of thib quantity is reported in degrees and radians.

A IRCPFT FLICHT PATH A14GLE - F.P.A. - The Flight Path Angle is the angle
between the aircraft flight path and the flight deck centerline at the point
of Louchdown. This measurement is Jetermined from film data. Positive
Flight Path Angle is defined to be that orientation whiere a clockwise
rotation of the flight path vector causes the vector to coincide with the
flight deck centerline using a minimum angular rotation.

The Symbol for THIS QUANTITY is F.P.A.

The value of this quantity is reported in degrees and red ar.s.

5
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HEIGHT OF MAIN WHEELS OVER THE RAMP - -. The average height of theI
aircraft main landing gear wheels as it flies over the aircraft carriers
ramp (aft end of flight deck) is determined from the film data. This
information can also be provided for land based surveys utilizing an I
apppropriate reference line on the runway.

The symbol for THIS QUANTITY is HW

The value of this quantity is reported in feet and meters.

HEIGHT OF THE HOOK AT THE RAMP - HH - The height of the aircraft arresting
gear hook as it flies over the aircraft carrier's ramp (aft end of flight
deck) is determined from the film data. This quantity is only reported on
carrier surveys.

The symbol for THIS QUANTITY is H.

This quantity is reported in feet and meters. 3
ANGLE OF FLIGHT DECK PITCH - dDp - This angle is the pitch angle of the
aircraft carrier's flight deck with respect to the horizon. This data is
recorded from the ship's inertial navigation system utilizing inputs to the
Fresnel Lens (Mirror Landing Aid System). This data is reported at the time
of the aircraft first main wheel touchdown. This parameter is reported only

for carrier landings. The positive value of this quantity indicates that
the stern of the ship is up.

The symbol for THIS QUANTITY is 6Dp

This quantity is reported in degrees and radians. 3
ANGLE OF FLIGHT DECK ROLL - 6Dr - This angle is the roll angle of the
aircraft carrier's flight deck with respect to the horizon. This data is

recorded from the ship's inertial navigation system utilizing inputs to the
Fresnel Lens (Mirror Landing Aid System). This data is reported at the time
of the aircraft's first main wheel touchdown. This parameter is reported
only for carrier landings. The positive value of this quantity indicates

that the starboard side of the ship is down.

The symbol for THIS QUANTITY is 6 Dr I
This quantity is reported in degrees and radians.

6I
I
U
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LIST OF SUBSCRIPTS

FFE - Free flight Engagement

F - Indicates that the data source is film data

R - Indicates data reported at the "over the ramp" position.

P - Port

S - Starboard

N - Nose Wheel

A - Average

r - Roll

p - Pitch

td - Data reported at aircraft touchdown

d - Data referenced to the Flight Deck

STATISTICAL SYMBOLS

N - Number of observations (data points).

X - Mean value of a parameter.

P - Probability.

S - Standard deviation of sample distribution.

A3 - Skewness factor of sample distribution.

A4 - Kurtosis factor of sample distribution.
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